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6. HEEMARNERIEL, RAKELFELESLERRSEEETIE T RN RITEE,
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W AR EFIRME AR (HPLC - PAD) A BORHM Gi%— M % & FAL— R AR (HPLC - -
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Pigments Composition of Petals and Floral Color Change During the Bloom-
ing Period in Rhododendron mucronulatum
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Abstract: The floral color of Rhododendron mucronulatum Turcz, was investigated in terms of its presen-
tation, pigments composition, changes in the composition during blooming season. The floral color was meas-
ured according to the Royal Horticultural Society Colour Chart ( RHSCC) and then by a NF333 spectrophotom-
eter. The results indicated that floral lightness increased, while the value of chroma decreased during the
blooming period, and floral color turned from red purple (70B) to violet (84B) at the meantime. A high per-
formance liquid chromatography with a photodiode array detector ( HPLC — PAD) and HPLC electrospray ioni-
zation mass spectrometry ( HPLC - ESI — MS) methods were employed for qualitative and quantitative analysis
of anthocyanins and flavonols. In total, 15 compounds were detected at 520 nm and 350 nm in the petals; five
anthocyanins, eight flavonols and two aromatic acids. Ten of them were tentatively identified, including one
anthocyanin (malvidin 3-arabinoside-5-glucoside) , eight flavonols ( myricetin 3-galactoside, myricetin 3-rh-
amnoside, quercetin 3-galactoside, quercetin 3-glucoside, two quercetin-rhamnosides and kaempferol 3-rham-
noside) , and two aromatic acid ( chlorogenic acid and its isomer). No acylated pigments and 5-O-methylated

flavonols were detected. Although the floral color changed significantly in the six blooming stages, the pigment
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composition kept unchanged, and the pigment content showed significant difference from the initiation of floral
buds to the late opening of flowers. Total anthocyanins content (TA) and total flavonols content (TF) de-
creased rapidly during the first three stages, and then changed smoothly. The floral color breeding strategies
for cultivars with cold resistance were discussed based on the pigment composition of R. mucronulatum.

Key words: Rhododendron mucronulatum; anthocyanin; flavonoid; floral color; HPLC - MS

LT FEEYS (Rhododendron mucronulatum) ILELSIRELLE, BHELM IR, WHEMERER, FELH
AR EE . (BIEEE—, RE THERKPMNE, el MEaRammralTEBEIER
TR, WEHITAHBHEATMKIEZ —, T BRI HSMIEAMEARARBBIR
RiE

BIEX AL RSB E TP EMBIE, CREFEMMRERMOETRMEIWIETF T TE: REH
% (Cyanidin, 5 Cy). ¥#MEZE (Delphinidin, fE#R Dp) . AJHIEE (Peonidin, FiFR Pn) ., %
% (Malvidin, f&jf5 Mv), B#&E4 K (Petunidin) . EATEFLI3 -HEER. 3 - FFEH. 3 -0
{E¥ES . 3, 5 - ZHEFERM3 - 3B -5 - HEREFSEELE, AatgmmiEiR 4Bt (Har-
borme, 1962; de Loose, 1970; Hayashi, 1988), FEMRKEF KT EHINE . HWHEE (Myricetin,
feIFF My) . MEEER (Quercetin, f&FF Qu) FLZH (Kaempferol, f&IFK Km) KiXx 3 FEFAEHI S -
O - HEAMEY, BAFEGEE L3 - LIEH. 3 - REBEEMN3 - ZFRTSELELE (Harborne,
1962; de Loose, 1970; Swaroop et al. , 2005), 6 —OH - K 3 - FFBHEN BB AN ETES
ffaE (Harborne, 1965), B -#HE M EXREHMIE R japonicum {. flavum W) E BB E (Miyajima
et al. , 2000) ,

&M ARSI CIE el R E SRR R (HPLC - PAD) R B0 (15— B Y
FA—RBKFIHAR (HPLC -ESI-MS), 47 T ASRZEE RN, WZ T HIET LR
Ak, FTEMERE FHIT T A ESEIE B A B AR KORRS
LB
L1 1EYHE

LA RS S AEIR T 2007 £ 3 A TR 4 A LAk B EREREYTIF LR, %S
BRAERIFEHER, K¥P—H, BERSOMKE, RKIKRENEH . XE#H. o178, 8. 278
FRACH 6 NMIFIERT BRI, R EILREN 6, REFBEAER, EERIAE,

1.2 #%EANE

KAEEEREZFSHEE (Royal Horticultural Society Colour Chart, fj#k RHSCC) H¥r&tiE
W B AEAHITI . S Zhang 5 (2007) HJ7 ik A NF333 Bl Eit (B ARA T
A&, WELCHRAEL ME, Be” ., b E, HTERE CMEMA L, BEWES K.

1.3 #EBFERES HPLC -PAD, HPLC -ESI - MS 4#f

1.3.1 H&6iE& HELMAMEER, 2 Zhang 4 (2007) MBBOTRIFMAEYGE: 8812
h#R% 1 IR, BERMBBRRAEE -20 Cokfat, ATFIEAEN HPLC - PAD 4347 X BB HPLC -
ESI - MS 4347,

1.3.2 FFZRLSMAMERDGLAL S8 Pomar % (2005) M5B REMELEE: 4 CUkFFRIE
R, 30 CHESEFET, 2% FRKBREMRRBY, CRIFHEFERGEEMBEL, BT /KANEFTHTK
485 Al Envi-18 C, SPE ZXBUMERK ( HGZER B ARATR], #HE: 500 mg/3 mL), 2% FER
IKIERGEBLBR AR, SifbEEFE TR G WS, REF7E -20 CrkfE+ AT+ HPLC - ESI - MS 43447,
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1.3.3 HPLC - PAD # HPLC - ESI - MS &-# £ 1.3. 1 SR A EMIB AL S Dionex HPLC — PAD
REMT. A& Bt TSK gel ODS-80Ts QA, 4.6 mm (NfE) x 150 mm (K) (HA
Tosoh Bk &4t) . i@ 0.8 mL - min~', #:JE 40 C, #HEAAF 10 pL, BIMPEEK : 520 nm (EFH)
1350 nm (FEEIFE), 200 ~ 800 nm JE Bl N2 i K B RBOLIE, FBIHH S % Fossen Fl Andersen
(1998) BICHk, YEEFEF: O min, 16% B; 30 min, 35% B; 38 min, 43% B; 45 min, 57% B,

% A Agilent 1100 LC/MSD Trap VL ¥ — )& B¢ A {X# 47 HPLC — ESI - MS 43¥7, WAE 3 b &
. IR, W, HREA AR KR B, HE 35 C, fish#HS % Macz-Pop 5 (2006) 3
wk, HMEUH, Bik: B, BHFFEREF: 0 min, 22% B; 25 min, 36% B; 35 min, 55% B;
WERBERAERF . 0 min, 22% B; 40 min, 47% B, FiSath&kit: HmEE 7 (ESD), BB
e, EBEFRNESR, 28 FAMEE (m/z): 100 ~1000; CID Rf#RER 30% , EFEE TN
(SIM) 75 Wik 8 B8 F i) MS RE S 6
L4 HBERSBUE

F HPLC g:illE, At &&fER 1.3.3, 2 51LL 520 nm #1350 nm [RlEHGIM S EHFH S & (total an-
thocyanins, TA) FIRFHEIRES R (total flavonols, TF), SR FFRMEM ¥ E B HHE S 100 mg
RSP ETHEWR, M TIREREEES3, 5 - —#H&HET (M3G5G, ik[E Extrasynthese 20 F]) HIF
T (WEE3-=FET, PEEKEYHRSKEEN) WTAMTE (%), EES5 K, HEAKXC=
TF/TA IR MBI B E SN IEE (CI) (Zhang et al. , 2007),
1.5 HESHRIEE

K A Microsoft Office Excel 2003 }% Origin 7. 5 #F{T8E 23 RAEE, FH SPSS 11.5 Xt¥iB #4751
5T,

2 RS0

2.1 FiIBEFHEHTH
WHIEAEAMEER (K1), WA FEIEF LG RHSCC HM/NERA 70B (red-purple
2H) AFIKRIEDIR 84B (violet £H) .

£1 FELBFTRMENEEER

Table 1 Floral color changes during the blooming season

FFAEMYEE' /(em x em) RHSCC CIEL*a*b*EBEZK >CIEL" a” b* coordinate >

Blooming stages' L* a* b c* h/°

/INEEHA(0. 558 x 1. 089) 70B 31.87 +2.94B 28.43 +1.25A -6.96 +1.20A 29.28 £1.47AB  -13.70 +1. 78A
Small bud stage

KEER(0. 712 x 1. 518) 78B 35.43+1.51B 29.71 £1.71A  -10.05 +0.50B 31.36 £1.76A ~18.70 £0.54B
Big bud stage

WMIFHA(1. 213 x2.037) 82B 47.98 +2.36A 22.79£2.16B  -13.82+0.95C 26.66 +2.30B ~31.30£1.12C
Early blooming stage

A TFHA(1. 695 x2.012) 84B 52.35 £1.83A 18.46 £2.71C  -10.66 +1.64B 21.32 £3.09C -30.01 £1.91C
Half blooming stage

£TFHA(3.596 x2.406) 84B 49.05 +1.52A 23.07 £0.91B  -13.92 +0.80C 26.95 £1.05B ~-31.10 £1. 31C
Full blooming stage

HKIEHA (4. 258 x2.351) 84B 51.94 £1.76A 17.27 £1.94C  -10.66 +0.55B 20.31 +1.89C ~31.81 £1.99C

Late blooming stage

H ESHEEEERERAN (BR xR, cmxem); A, B, CREZHELLH SNK BB P=0.01 RERKFTHAREE
HEER,.

Note: 'Data in the brackets show the flower diameters ( horizontal diameter x longitudinal diameter, cm x cm) ; 2 A, B, C show the different
significant differences at P =0. 01 level in SNK test.
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HENEB S ARER, ZRRBEREL, BE EEFEIRY BLEBHL AIRE
4o, EEIECIE Lo b RORFGLIRR LA : o {Hi128.43 & W 17.27, b"{HM -6.96 A F|
-10.66, L*{HM 31.87 2-F[51.94, h {1 ~13.70°38 % -31.81°, HFEFEIES, O
AR, K@ERR, BRI, BEAN, SHIRWESER-B. % ANOVA 47, RFEIFER B
EESE (L7 a” b, C" . h) ERFEFE,

2.2 WAHBEFHEEREAN
HIGWEB) T S MAEFE (E(1, A). 8 FREMIEM 2 FSFRMS (B 1, B),

600
500 as

400 500 F

375 f6

BRI/ mAU
Peak absorption
B HHER IR/ mAU
Peak absorption

i
300} ”
|
200 f !

r 1
ald r
a;'l‘ a-l»\ fl
1001 ] 125¢ 5
Ofir‘f”u g S SRt S W 0 = . f ,
0 10.0 20.0

0 10.0 20.0 30.0 40.0 50.0 30.0 40.0 50.0

250

[=1
®

Ff 6] /min  Time f 6]/ min Time
Bl BOHBERHE (A, AURKKS20 nm) MEMBREIE
(B, #Jik 350 nom) By HPLC &ik@
a; fLHEH {. AW,
Fig. 1 HPLC chromatograms of anthocyanins ( A, detected at 520 nm) , flavonols and
organic acids (B, detected at 350 nm) in R. mucronulatum

a; Anthocyanin; f; Flavonol.

B A AT W HERE 25 AR SR S AR5 | RIS 3 SCER I RS —TFT RIS . RISEEEH1T LR I
(R2), HTFERTWEERIEE, MRHTEEEE,

16 520 nm TREE] 5 MEFH @I, B al ~a5, 54 6 R F 5 0] 5 X BEEE S AR
i Mv3GSG AHLLER, TEMLTAE RS L KRR TN S Pg BRI K, AIRES A Cy M1 () Pn BILIK Mv BifE
BFH, HEASHAEFEAEEET (Wang et al. , 2001) , KHITE 440 nm 5 £, FAEH R IHEZ
o Aue/ A nn 7T HIH19.0% (al), 15.9% (a2). 29.8% (a3)., 17.2% (ad) M 14.7% (a5), al
a3 MEFHIC3 OLE, LR a2, ad Ml aS MUEH TS fi EATAER A T (Harbome, 1958) ,
H al ~ a5 £ 4 290 ~ 340 nm ¥ K75 Bl Y TORFAE W Wi, R B I35 FPEEBEIL (Fossen & Andersen,
1998)

EREE B FE a5 Z2—RRIE ST ERSFEF m/z2625.2 ( [M]*'), ZHIEEHRHHE B
FBEFm/z331.1 ([Y,]7), R Mv HTHIFERMLL; m/2493.2 5SHERCHET B, m/z2463.2
EMERMBE B KIEHER (de Loose, 1969, 1970), HASBAPERHER3, 5- _HEHH
H R HumeERR B L=, HBULLL (R simssi) Z238MFF ‘Red Wing’ SHREHE 3 - FMHAMEH
-5 - Zj%PH (Asen & Budin, 1966) , %54 %18 Mv3G5G B4 7MW 55 3E, 0 a5 Mv iy 3 fiz. 5
P EIEBREER, HEE a5 HAREEER 3 - FRLaREE -5 - M.
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*2 WMLTAESIERERY HPLC - PAD #1 HPLC -ESI-MS $#T R HEHREE
Table 2 HPLC - PAD, HPLC - ESI - MS analysis and tentative identification of flower pigments in R. mucronulatum
237
B pti/min geikm AR g () BEGR 5% 38t
Retention A, MS/MS® Tentative identification References
No. ) mass
time
al 8.6 514, 327sh, 280 n. a. n. a. FKHEFE No tentation
a2 11.1 521 n a n a. AHESE No tentation
a3 11.8 524, 348, 277 n a n a FHEFE No tentation
ad 13.8 515, 379sh, 277 n. a n. a. FKHEFE No tentation
as  16.7 524,373,266  625.2 625.2([M]*), 493.2, HRZEE 3 - PR - Asen & Budin, 1966
463.2,331.1([Yy1*) S-HEBE de Loose, 1969, 1970
My 3-arabinoside-5-glucoside
fl 19.8 353, 262 480. 1 503.1 ([M+Nal]*) B EE3 - LIEE Harborne & Williams,
319.1 ([Y,+H]*), 185.0 My 3-galactoside 1971
2 20.4 348, 262 464. 1 487.1 ([M+Na]*) B EE3 - REHT Chosson et al. , 1998
319.1 ([Yo+H] ) My 3-rhamnoside
f3 23.5 352, 256 464.1 487.1 ([M+Na]*) W R 3 - A Harborne, 1962
303.1 ([Yo+H] '), 185.0 Qu 3-galactoside
f4 25.4 353, 256 464.1 487.1 ([M+Nal*), WiE & 3 - BB Harborne, 1986
303.1 ([Yo+H]*), 185.0 Qu 3-glucoside
5 299 353, 255 448. 1 4711 ([M+Nal*),457.1, W% - BB Harborne, 1962
309.0, 303.1 ([Yo+H]*),  Qu 3-rhamnoside Swiderski et al. , 2004
185.0
f6 32.8 347, 256 448. 1 471.1 ([M+Nal*), 309.0, MWEE- @MW Harborne, 1962 ;
303.1 ([Yo+H]*), 185.0 Qu-rhamnoside Swiderski et al. , 2004
f7 34,1 346, 265 432.2 455.2 ([M+Nal*),309.1, 1iZ83 - REWHH Harborne, 1986 ; 1 [E £}
287.1 ([Yo +H] ) Km 3-rhamnoside 2B LI ZMT, 1981
8 43.1 342, 264 n. a. n a FHESE No tentation )
1 6.7 325, 249 354.2 377.2 ([M+Nal*), 2.4 Jin et al. , 2005
237.0, 225.0, 219.0 Chlorogenic acid
2 17.8 326, 249 354.2 390.8([M+2H,0] "), BRIERRHIE Jin et al. , 2005

162. 6

Chlorogenic acid isomer

H:onoa: RBEKE. M: BEST; (M) BESFET; (M+H]' BTG FWE; [M+Nal*: SHESFM; [M
+2H,0] " WES T2 KT Yo #IT: [Yol*: HRAFETF;: [Yo+H] ' HRHSTFWE.

Note: n. a. : Data were not available. M: Glycoside molecular; [ M] * ; Glycoside molecular ion; [ M + H] * ; Glycoside molecular ion add

hydrogen; [M +Na] * ; Glycoside molecular ion add sodium; [M +2H,0] * ; Glycoside molecular ion add 2 water moleculars; Y, : Aglycone;
[Yo]*: Aglycone molecular ion; [ Yo + H] * ; Aglycone molecular ion add hydrogen.

£ 350 nm TGN D) 8 NMEFIREEIEE, B ~8, A4 1 M2 M REEFEAIHE m/z2 319.1
([Y,+H]"), 5HIMy —8, KMy Wiy, BHENREBIKERE TSN m/z 162 Him/z
146, 4% Harborne il Williams (1971) LA Chosson 4 (1998) SCHK, #ExE fl RHHEHE 3 - KA,
W, 2 ABMEE 3 - REET, '

Hor 3 ~16 B _RRER A HH m/2303.1 ( [Y,+H]"), SHIT Qu—5, HJ Qu ML,
f3 ~ 15 B GESMRIBCFAE 57 TAHRCOHHML, AW RN 3 - FF . 8 &4 R T BRRABREE 7N
m/z162, f&¥E Cuyckens Fl Claeys (2004) KISCHE, #HE B IWEE3 - LA (Harbome, 1962)
4 MR 3 - HEWET (Harborne, 1986) , f5 1 16 AN B FIY 0 m/z 146, HEE WML R RE
B, HA 65 KR E 3 - BT (Harbome, 1962; Swiderski et al. , 2004) ,

oy 7 BERER m/2287. 1([ Y, +H] ") S5EFIRE Km FM#EEIARBEE (Luteolin, fHFf Lu) —
o RIEFESMRBCHE LI N, Km REEH KELE 265 nm £45, Lu KEBHKEZLE 255 nm £F
(PEBEB LEAMBIRET, 1981), HE%EHEK (Harborne, 1986), #E5E 7 H1ILZEE 3 - 2N
Ho

U ARIEARBOBC AT BB, 441 1 () HPLC {3 BB+ a5 MR R S &R H R AR
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B —8. 1RHE Jin 5 (2005) WSCER, HEE | MEIEER, 2 MR, 4157 1 02 fEEE TF iERT
EAEIE,
2.3 FEdRPRERGENTL

FEFEER S, HERWEE TA, TF AR B G RBE R CLA/NE R0 T M i B 4
K, HFRFABEEBERD (B2), SFHENBRKTA, TF XFEEE (P<0.01), HEREE
X (r=0.914, P<0.01), EEBAREMENHEEARS TA LEERIBAHASMIREL G, FI,
TEFFIEERE S, MLLARSIE AN, BERNWLL, SHEAREERY , MERBRHREE
(PSS

C1

TA & TF/%

AER KER WM PR 29T R
Smallbud Bigbud Early  Half Full Late

FFiLFT B Blooming stage

H2 FASBREESESR (TA), SHEESR (TF) NF@HEREYREEN (C1) HEL
Fig. 2 Changes of total anthocyanins content { TA), total flavonols content { TF) and

copigmentation index { CI) during the blooming season

3 g

3.1 WANBSRBEREEHEBENERRARMLILE

LA ESHIER H R AMBER 3 - MHLEEHE -5 - HEEE (MNEEET0% L), B
BIREAEENTEAR, HEBHEEYT, FOEPBRLU My REE N T (Hamome, 1962; de
Loose, 1969, 1978) . M AS EMARZ R Ny SFBR K EEY BRAM, FEA My, Qu. Km R
o HA Qu it BRABIET AN BHEIRE (Harborne, 1971), HWRE My BH, J Mv BHK
WBaER (Heursel, 1981); Km BEH{UGF TR AIES (de Loose, 1969) . FEFBSBIEHHIES -
0 - FIEAC ARSI R, CABRERES (R mucronatum) . WAEFLES (R. racemosum) % JL+AH
T+ 8% (Harborne, 1971) o MRALEYIIE R FE T HRARR, W B BSIER A RLKF i 2 5
(Harborne, 1969) . MBLLALRETE P RIGIMBIM RIS, HEWMILRETREEH S - 0 - HEL AR
HIRp R 2 R RR
3.2 FESBRHOOAHBERNEBRSEHEN

WS HEER S RELRTF R HME AR B, HR T8GR 1R SR B R #R T 4k
BOEAAR, AP H/MEBK TA fl TF £ AT RSP RERN . BEEE (Eustoma grandi-
Slorum) WARBIIE, HTEEESMBHITMMWEE, KL TF SRBEELRFIT Z BRI K,
BEJE AR AL e b R E B RGRE A A/ S (Uddin et al. , 2002) BT EWLLHAS
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HEEAERPHRELE, FTENEFERIFHE/NEHZEIN AR BN BHITRARR.
3.3 mE., WHENSEERILEHRRIEE KK

ATEBIARREFENHSES, TEEFTRMEXEAR AR, BBt e
BEMBERNIZES Y KHEAESR, MREBRFDAAHRNA SMER. EPHEMHEREYE (pH
7.3~8.2) WY (BRAR %, 1992), HEIARFHERGHRBEYHE, HHET KRLE
LU RS M HAE ML T AL RS AL AR R,

WELORHER, WAAREATMEEFENFEHT: LGRAMKBARELEAHNER, RXEM
BAEFAGEEFRFES, BTLUERAKHWEGER (Heursel, 1981), HARBEEYEARF
HRLOEMERE, SRR A FERGEENN S, LERERN Gy BEaERhE
(Harborne, 1962; Asen & Budin, 1966; de Loose, 1969, 1970), ZHAOIEMFr, FEM RS E
FECy M (B) PgBIAER, RNBEOMyWEE, TEFES Cy REARNM, WBILL (R smsi) |
KRR (R. thomsonii) . R HAMAS (R indicum) %5, BLRFPFAN R. simsii cv. ‘Red Wing” 24N
FRASGMAALRS2R3E, HAEBEYEARTRIE N A EMIERER (Heursel, 1981; de Schepper et
al., 2001), EHEEBKE, DA EH HEWEE My FIEFE Mv, BIFELEREGAEE Dp HATHE
ETWe=, o LARR TR R HE (OMT) MiEME, 0% Mv /4R, IR S Dp 6K, SEMRKE
FREGES (FLS) RUWEHE, RE_SHEHE, LUEH Dp MAER. BRTA RG> FEMS, FA
HEENTEEARCHIEMHAE Dp OEFHGEIL 5% MHTHMEAIE (Katsumoto et al. , 2007), H
SR ARSI AN FEMES,

HHEREMEE (flavone) HHHBIGA KM X LA HA FEEZ M, Heursel (1981) BFFE R BB
L E A, W TR T R ARNES, RO TEMBNTFES4 THARENSE, BE,
AW R BB LL AL A B3 BY 2 RN CL A/ NE LIS ¥I/NTF 5, R H B EEL 0040 B & Z 30
A& (Asen et al. , 1971; Sakada et al. , 1995), #3332 Heursel (1981) [HEF3T, MRS ESHMEME
MECBRRTHEERN &R, EFESTER, HARE, Bk, MESENEARSILAHLAER, A
RSP AT HFMEMNEE (I My f1Qu) SEMAHEL, MBRHMIAERNE, WEBTHE
BRI K HWK, WBRLARSIER DR L EE, SEds FERFRIEHEMAE R, i
IBLLAREWTE O —EHERME, IR EHRFEE =R,

BeAh, ML RERMRER . WEREHARS, BANHE. iR, IIRESEAR, &
SFIRME, BREMNAS, &R S —E R LR,
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